Methanolic, diethyl ether and n-hexane extracts of leaves of four species of Senna (S. gardneri, S. macranthera, S. splendida and S. trachypus) were analyzed by gas chromatography coupled to mass spectrometry (GC-MS). Using linear retention indices and mass spectral data, 34 compounds were identified, including fatty acids, flavonoids, terpenoids and steroids that were not reported previously for these species. Additionally, the cytotoxicity of the extracts against different tumor cell lines was determined. The cytotoxicity was then correlated with the chemical composition of the extracts by partial least squares-discriminant analysis (PLS-DA). The n-hexane extract of S. gardneri and the ethyl ether extract of S. splendida were the most active against human colon (59.75 and 31.37%, respectively) and human glioblastoma (52.85 and 48.28%, respectively) cell lines.
Introduction
The genus Senna (Leguminoseae) contains approximately 260 species found in tropical and subtropical regions worldwide and is widely distributed in northeastern, southeastern and southern Brazil. [1] [2] [3] Senna species are also reported in India, Australia and Africa. 4 The genus is within the tribe Cassieae Bronn and subtribe Cassinae Irwin & Barneby, which also include the genera Cassia L. and Chamaecrista Moench. The species of Senna and Chamaecrista were included in the genus Cassia before the taxonomic revision of Irwin and Barneby, 1981. 5 Senna species produce flavonoids, polysaccharides, steroids, chromones, lactones and triterpenes but the most common classes of secondary metabolites are anthraquinones and piperidine alkaloids. [6] [7] [8] Based on literature reports, the leaves of Senna species have a variety of pharmacological activities. The laxative propriety of anthrone rhein is well known, which is obtained as sennosides primarily from Cassia acutifolia and C. angustifolia and is metabolized by bacteria from the intestinal tract of humans. 9 n-Hexane and methanol extracts of the leaves of S. macranthera have strong laxative activity, comparable with that of the positive control bisacodyl, and anti-inflammatory activity, similar to that of diclofenac sodium. 10 The dimeric indole alkaloid cassiaindoline in the leaves of S. alata has significant analgesic and anti-inflammatory activities, and the anthraquinones in the leaves of this species has effective antifungal and bactericidal activities. 11 Lipophilic extracts and anthraquinones obtained from seeds of C. tora inhibit EBV-EA activation induced by teleocidin B-4, which may indicate a chemopreventive action. 12 Extracts and the alkaloids cassine and spectaline of S. spectabilis have no cytotoxic effect on murine macrophages (J774 cell line), 8 and the extract of S. sophera is not cytotoxicity. 13 Barakol, an anxiolytic agent isolated by acid hydrolysis of S. siamea leaves, is toxic to P19 cells and induces apoptosis, 14 but the ethanolic and aqueous extracts of leaves from C. siamea (syn. S. siamea) were not cytotoxic to KB and Vero cells. 15 Esakkirajan et al. 16 obtained spiro[piperidine-4,2'(1'H)-quinazolin]-4'(3'H)-one from the leaves of C. auriculata with an half maximal inhibitory concentration (IC 50 ) value of 25 mg mL -1 for human colon cancer cell line HCT15.
The techniques used classically to isolate and identify natural compounds from plants are frequently criticized because of the long chromatographic process required, the waste of organic solvents, and often, the isolation of well-known compounds in various species. 17 Therefore, to avoid the re-isolation of known compounds, qualitative analysis on hyphenated systems (dereplication) has a fundamental role in the analysis of metabolic profiles of the most diverse species of plants. 18, 19 Additionally, the comparisons of chemical profiles of extracts with different biological activities can be used to indicate hit compounds related to the observed activity. Then, to correlate chemical compounds and biological activity, data can be analyzed by multivariate statistics; typically combining supervised techniques like principal component analysis (PCA) or hierarchical cluster analysis (HCA), and unsupervised techniques, partial least squares (PLS) and related regression techniques. 20, 21 Based on these considerations and the positive and negative results previously reported for the cytotoxicity of extracts from Senna and Cassia species, 12 extracts from the leaves of four species of Senna (S. gardneri, S. macranthera, S. splendida and S. trachypus) were evaluated for cytotoxic effects on three human cancer cell lines, i.e., OVCAR-8, HCT-116, and SF-295. The chemical profiles of the extracts obtained by gas chromatography coupled to mass spectrometry (GC-MS) were then compared to identify active compounds.
Experimental

Plant material
The leaves of S. gardneri, S. macranthera, S. splendida and S. trachypus were collected in Chapada Ibiapaba, Ceará, Brazil, between August 2010 and March 2012. Plants were identified by Prof Edson de Paula Nunes, Departamento de Biologia of Universidade Federal do Ceará (UFC), and the samples were registered as numbers 47.385, 47.384, 47.387 and 47.377, respectively, and stored in the Herbarium Prisco Bezerra at UFC. After drying at room temperature (ca. 25 °C), 3.0 g of leaves from each species of Senna was extracted with 40 mL of organic solvents (n-hexane, diethyl ether and methanol, consecutively) for 12 min in an ultrasound bath. The extracts were filtered and then concentrated under vacuum on a rotary evaporator.
Reagents and equipment
The homologous series of C 12 -C 40 alkanes, pyridin, MSTFA (N-trimethylsilyl-N-methyl trifluoroacetamide) and methoxyamine hydrochloride were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All other chemicals were analytical grade and were purchased from Merck (Darmstadt, Germany). All solvents used for GC-MS analyses were analytical grade. Methanol, n-hexane and diethyl ether were purchased from Tedia (Fairfield, USA). The samples were analyzed on a Shimadzu GC-MS QP2010 (Tokyo, Japan) equipped with an automatic sampler AOC-20Si using an ionization source of 70 eV and fragmentation by electron ionization (EI), GC-MS Solutions software version 1.02 (Tokyo, Japan) and a fused silica capillary column SULPECO DB-5 (5% phenyl-methylpolysiloxane, 30 m × 0.25 mm × 0.25 μm). For statistical analyses, HCA and PLS-DA were performed using Matlab 7.12.0 (MathWorks, Natick, MA, USA) and PLS_Toolbox (Eigenvector Research, Wenatche, USA), respectively.
Extract derivatization
After drying at room temperature (ca. 25 °C), 3.0 g of leaves from each species of Senna was extracted with 40 mL of solvents (n-hexane, diethyl ether and methanol, consecutively) for 12 min in a sonicator. The extracts were filtered and then concentrated under vacuum. All extracts were treated with the trimethylsilylation reaction. The methanolic extracts were subjected to methoxymation with modifications. 22 Extracts (20 mg each) were added to vials and dissolved in 300 μL of pyridine. Shortly thereafter, 100 μL of methoxyamine hydrochloride (20 mg mL -1 ) was added to the vials and the derivatization was performed at 30 °C for 90 min. Following derivatization, 150 μL of MSTFA was added and the final solution was placed in a water bath at 37 ºC for 30 min. The n-hexane and ethyl ether extracts (20 mg) were dissolved in 300 μL of pyridine. Subsequently, 150 μL of MSTFA was added and the above procedure was repeated. After termination of the reaction, the samples were filtered through membranes (Chromafil ® Xtra RC-20/25, with 0.20 μm pores) and stored in 2 mL vials for 24 h at 4 °C before GC-MS analysis.
Gas chromatography coupled to mass spectrometry analyses (GC-MS) of Senna spp. extracts and identification of compounds
The samples were analyzed by GC-MS with injector temperature was adjusted to 260 °C. Helium (1 mL min -1 ) was the carrier gas and injections of 1 mL occurred in split mode (1:10). The oven temperature was kept at 120 °C for 3 min and then programmed to 320 °C at 3 °C min for HCT-116 and SF-295 lineages. The cells were incubated with the extracts for 72 h in an incubator at 5% CO 2 at 37 °C. Following treatment, cells were washed and fresh medium was prepared. The MTT dye solution (150 μL) was added to each well for 3 h. The absorbance was measured after dissolving the precipitate with 150 μL of pure DMSO on a plate spectrophotometer at 595 nm. 23 Doxorubicin was purchased from Sigma Aldrich (San Diego, USA) and was used as the positive control. Experiments were repeated independently three times. The results are expressed as percentage of cell viability.
Statistical analyses
HCA was used for an initial, exploratory analysis of the cytotoxicity data for the 12 extracts on the three tumor cell line lineages (12 × 3), using preprocessing mean center data and distance to k-nearest neighbor. Then, partial least squares-discriminant analysis (PLS-DA) was used to model the three clusters obtained in the HCA. The data set (12 samples and 110 compound areas) was normalized, and five latent variables were selected to build the model.
Results and Discussion
The extracts obtained by sonication with n-hexane, diethyl ether and methanol from the leaves of S. gardneri, S. macranthera, S. splendida and S. trachypus were submitted to silylation and further analyzed by GC-MS to obtain linear retention indices (RIs) and mass spectra of the compounds, which were compared with the mass spectra in three mass spectra (MS) libraries (i.e., NIST, GMD and Wiley). The RIs were calculated from the retention times obtained from the chromatograms of each compound and of a standard mixture of alkanes (C 12 -C 40 ), according to Van den Dool and Kratz equation. 24 From the extracts of the four species obtained with the three different solvents, 34 compounds were identified, including carboxylic acids, fatty acids, fatty alcohols, long-chain alkanes, diterpenes, triterpenes and sterols, in addition to the flavonoids chrysin and quercetin. The compounds identified by GC-MS in the extracts of Senna species are presented in Table 1 .
Each extract was prepared and analyzed in triplicate. With the extracts obtained with the different solvents, the metabolite diversity of the samples was demonstrated. As expected, the more polar extracts obtained with methanol contained high levels of mono-, disaccharides and polyols, whereas the n-hexane extracts were rich in terpenoids and fatty acids and other lipophilic compounds. However, the extracts obtained with diethyl ether were less complex. The compounds identified in the GC-MS chemical profiles are shown in Figure 1 , and three representative GC-MS chromatograms are shown in Figure 2 .
A multivariate analysis using HCA and PLS-DA was conducted of the chemical composition and the cytotoxicity of the extracts against human tumor cells to identify the compounds potentially correlated with this activity. The results of the cytotoxicity assays are shown in Table 2 .
The n-hexane extract of S. gardneri had the highest activity against HTC-116 and SF-295 cancer cell lines with cell growth inhibited by 59.75 and 52.85%, respectively, whereas the highest inhibition of OVCAR-8 cells occurred with the methanol extract of S. macranthera. Although the cytotoxicity of plant extracts was generally weak (< 75% inhibition), the cytotoxic potential of these extracts was significantly different. In addition to differences in cytotoxicity, the chemical composition of these extracts was also very different; therefore, we used multivariate analysis of the two data sets (i.e., cytotoxicity and chemical composition) to identify the compounds likely responsible for the biological activity. Thus, the 12 extracts were initially analyzed by HCA, and using cytotoxicity as the dependent variable, the samples were classified into three clusters: (A) the extracts of SgH and SsE with the most activity on HTC-116 and SF-295 cells; (B) the extracts of StM and SmM with the most activity on OVCAR-8 cells; and (C) the extracts with low or no cytotoxicity (Figure 3) .
The classification obtained by HCA was then used in a supervised analysis (PLS-DA) to establish a relationship between the extract's cytotoxicity and specific chemical constituents (variables). The PLS-DA was performed using a matrix with 12 cases (extracts) and the areas of chromatographic peaks (12 × 110) . The model generated from five latent variables (LV) explained 83.6% of the Vol. 27, No. 10, 2016 1  3  7  0  1  1  1  12  3  1  5  1  16  7  1  8  1  9  1  2  2  23  4  2  5  2  7  2  9  2  30  1  3  2  3 variances of the data, with the residual Q and Hotelling's T2 showing only one sample (SgM) outside the 95% confidence intervals. The best adjustments were obtained in the score (Figure 4a ) and the loading (Figure 4b ) plots of LV4 × LV2 in which the cytotoxic extracts from cluster A (SgH and SsE) were in the identical quadrant (Figure 4a ) as variable 53 (Figure 4b ), which could be related to the cytotoxicity of these extracts. the generation of free radicals and lipid peroxidation. 29 Dai et al. 30 showed that polyunsaturated fatty acids are cytotoxic to tumor cells, and of the fatty acids tested, linoleic acid (LA) and α-linolenic acid (ALA) were the most effective in suppressing the growth of normal gastric cells ( . The induction of apoptosis by α-linolenic acid (18) (ALA) was observed by Vecchini et al. 31 and Scheim 32 and likely occurred because of the reduction of nitric oxide, as proposed by Deshpande et al. 33 In recent studies with mouse models, ALA (18) reduced breast tumor growth while increasing the efficacy of chemotherapeutic agents. However, these studies did not confirm whether the effects were caused by ALA or its metabolites. 34 No compound was correlated with the cytotoxicity of the samples in cluster B, which included two methanolic extracts, most likely because several of the polar compounds in these extracts did not elute in the chromatographic conditions used in this study.
Additionally, some compounds were detected in only one species; for example, the flavonoid, chrysin (22) , was identified only in S. macranthera, and the flavonoid, quercetin (28) , was identified only in the methanolic extract of S. trachypus. These compounds have shown excellent potential for chemopreventive and cancer therapy 35 and have anti-inflammatory and antioxidant activities. 36 However, eleven compounds were identified in all the extracts that are typically encountered in different families and genera of higher plants. For example, all extracts contained the triterpene squalene (23) . This compound, which is produced by all higher organisms and has beneficial effects on human health and antioxidant activity, has also been isolated from the leaves and roots of Ramonda serbica and R. nathaliae, 37 and from the marine diatom Pleurosigma strigosum. 38 The triterpenes α-amyrin (33) and β-amyrin (31) were detected only in the n-hexane extracts of leaves of S. macranthera and S. splendida. These compounds, with anti-inflammatory, anti-conceptive, and hepatoprotective pharmacological activities, have also been isolated as a mixture from different natural sources, including other species of the genus Senna, i.e., S. spectabilis var. excelsa and S. reticulata. 7 The steroids β-sitosterol (30) and stigmasterol (29) are common compounds in species of several genera and families, and the properties of β-sitosterol isolated from S. spectabilis var. excelsa have been reported as antibacterial, antiinflammatory and analgesic. 6 
Conclusions
The GC-MS analyses of 12 extracts from the leaves of four species of Senna identified 34 compounds in different groups that included fatty acids, steroids, triterpenes and flavonoids not reported previously for these species. The use of multivariate analyses (HCA and PLS-DA) led us to infer that the cytotoxicity of some Senna extracts to HTC-116 and SF-295 tumor cells lines was attributed to linolenic acid, an inference that was reinforced by literature data. Moreover, with analytical techniques, dereplication and multivariate statistical analysis, this study demonstrated that it was possible to effectively identify hit compounds and by avoiding the steps of extract fractionation and purification of known compounds, to improve the research approach in the prospect for new drug prototypes from biological sources.
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